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This Invention relates to an improved aeal- 
oonduotor device and an improved mathod of manufacturing a 
semiconductor devloe. The Invention is particularly 
advantageous In reduoing leakage ourrents in semiconductor 
dlodea and translators. 

Semiconductor diodes and transistors manufactured 
by the planar method (as disclosed In J. A. Hoerni^ U.S. 
Patent 3,025,589. dated March 20, 1962) offer Improved 
manufacturing yields and enhanced characteristics over 
other types of semiconductors. In a planar transistor, 
both the emitter-base and base -collector Junction areas at 
the plane surface of the transistor are limited during 
fabrication by the use of thermally grown oxide layers or 
coatings during diffusion. The Junctions Intersect the 
semiconductor surface underneath the oxide coating. This 
non-conducting coating Is left on the finished transistor 
to protect the parts of the Junctions that reach the semi- 
conductor surface from contamination and damage during 
fabrication and for the subsequent life of the transistor. 

However, the presence of the oxide coating did 
not always ensure that leakage currents would be either low 
or constant. In fact, under certain conditions during 
fabrication, use, or In high temperature storage, very 
serious Increases In leakage currents have occurred. 

The exact cause of the excessive leakage currents 
Is not fully understood. However, It Is believed that 
formation of inversion layers or channels of N-type conduc- 
tivity on the surface of P-type conductivity transistor 
r giona, or f naatlon of channels of P-typ conductivity on 
th surfac of N-typ conductivity transictor regions, 
gr atly influ nee th Incr ases in leakage currents. 
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l It 1b known that the presence of an oxide ooatlng 

on the surface of a semiconductor body may result in the 
bending of the energy bands near the surface of the semi- 
conductor. For example, if this bending occurs in a down- 
ward direction on a conventional energy band diagram, the 
Fermi level is removed further from the valence band at the 
surface of the semiconductor which tends to become more N 
conductivity type. If the semiconductor body is suffici- 
ently high resistivity P-type, surface inversion will occur 
to produce an N-type channel. 

10 In a P-N-P transistor, both the emitter and 

collector surfaces are of P-type conductivity. The 
collector surface net acceptor concentration normally lies 
In the range of lO 1 ^ - lO 1 ^ atoms per cu.cm., a range in 
which surface inversion or channel formation is known to 
occut* quite commonly under thermally grown oxides. Since 
acceptor concentration levels at the low end of this range 
are required for the fabrication of higher voltage break- 
down devices, and since the susceptibility to channel for- 
mation increases with decreasing acceptor concentration, it 

20 follows that high voltage P-N-P transistors are the most 
difficult to fabricate without excessive leakage currents 
due to channel formation being exhibited. Similarly, high 
voltage N-P diodes are subject to channel formation. 
Hence, these types of semiconductor devices have exhibited 
the most serious leakage currents. 

Semiconductor devices have also been known to 
exhibit serious leakage currents due to surface inversion 
or charm lling that occurs on lightly doped semiconductor 
surfaces und r e rtain ambient conditions* What oaus s 

30 this typ f surfao chann 111ns la not fully understood. 

To my kn wl dg , ther haa been no completely 
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1 satisfaot ry explanation f the oause of the exoesslve 
leakage currents, nor has there been a solution for their 
llmlnation put forward prior to my invention. 

It is known, however, that ooznplete removal of a 
grown oxide coating on a eurfaoe of a planar semiconductor 
devloe (e.g. by solution in an etohant containing hydro - 
fluorio sold) will remove the surface channels and greatly 
reduoe the leakage currents. However, this procedure off- 
sets some of the advantages of planar type semiconductor 

10 devices by exposing the Junctions to surface contamination. 
Furthermore, it does not solve the problem of surface 
channel formation under certain ambient conditions on other 
types of semiconductor devices . 

I have succeeded in reducing leakage currents in 
a silicon planar transistor, by a method disclosed in my 
copending application serial number 846,227 filed April 6, 
1962. where first the thermally grown oxide is completely 
removed and is then replaced with a vacuum evaporated 
silicon monoxide. This resulted in stable devices entirely 

20 free from detectable channels. However, although satis- 
factorily reducing leakage currents, this method suffered 
from the disadvantage of requiring an extra fabrication 
step and also resulted in the temporary exposure of the 
surface to possible contamination. 

Some writers have considered that the increased 
leakage currents were due to the increase of the effective 
area of the P-N Junction by the area between the channel 
and the underlying material. I believe, however, that when 
an N-type channel occurs on the surface of a P-type 
30 collector say, it creates an N-type conduction path between 
th N-typ base and the outer periphery of th semi* 
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1 conduct r body. Now, th surfaces of semiconductor bodlaa 
are usually very oar fully prepared and oriented prior to 
device fabrication to reduc the generation of electron- 
hole palr8 at the surface of the semiconductor. The outer 
periphery of the semiconductor body, however, Is not so 
carefully prepared. Hence, the many surface defects, 
cracks, etc. ensure the generation of electron-hole pairs 
in the faulty crystal lattice at the periphery of the semi- 
conductor body. 

10 Thus, according to my belief, the channel at the 

Interface of the oxide coating and the collector region 
effectively forms a short-circuit conduction path from the 
base region to the outer periphery of the semiconductor 
body and hence to the bottom surface of the collector 
region. I also believe it is this additional current 
conduction path caused by the channelling that produces 
leakage currents when the P-N Junction is reverse biased. 

I have discovered by ensuring that there is no 
continuous oxide path left across the surface of the semi- 

20 conductor body, the leakage currents can be greatly reduced 
without the necessity of removing the oxide from the parts 
where the Junction extends to the semiconductor surface. 
In effect, I have rendered the conduction path open circuit 
by selective removal of the oxide. 

According to one aspect of my invention, I 
provide an improved semiconductor device in vhich leakage 
currents are greatly reduced. The device comprises a semi- 
conductor body having a plane surface, the body having a 
first p rtion of one onductivity type extending Into th 

30 body from th surface and a second portion of opposite 
conductivity typ formed by diffusion of an Impurity Into 
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1 part of the first portion from the surface. This defines a 
r ctifying Juno t ion between the second portion and the 
remainder of the flrat portion that extends to the surface 
about the seoond portion. A continuous thermally grown 
non-conducting coating completely covers the rectifying 
Junction at the surface. According to my Invention, an 
area at the surface completely surrounds the boundary of 
the Junction at the surface in which a band of the coating 
has been removed to expose the surface. 

10 This is accomplished, In one embodiment of my 

Invention , by forming a non- conducting coating on the plane 
surface of the first portion In the conventional way . Then 
an Impurity is diffused Into a hole opened through the 
coating to the surface to form the second portion and the 
Junction. A band of the coating is then removed to expose 
»n area of the surface completely surrounding the boundary 
of the Junction at the surface. 

Semiconductor surfaces nearly always contain a 
thin oxide coating due to reaction with oxygen in the air. 

20 Therefore, a very thin coating can reform over the area 
defined by the band. This thin coating should be distin- 
guished from a coating that is formed by a deliberate 
process of thermal oxidization or deposition. 

Because of the presence of this thin oxide 
coating in the area defined by the band, there is a possi- 
bility, under some circumstances, that the disturbing 
channels can reform after manufacture* This is parti- 
cularly true of lightly doped semiconductor surfaces which 
are aslly inverted in conductivity type by a comparatively 

30 small bending of the nergy bands. Thus, they are subject 
to chann 1 reformation due to th presence of the thin 
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1 oxid coating which would reestablish a current leakag 
path acroaa the surface f the semiconductor. Of course, 
extreme care In encapsulation of the semiconductor device 
can minimize the llkllhood of channel reformation. 

I have discovered, according to another aspect of 
my invention, that the reoxidized surface of a planar semi- 
conductor device can be rendered insensitive to channelling 
by diffusing a further impurity into the first portion of 
the body within the area to form a layer or third portion 

10 of the same conductivity type as the first portion. This 
third portion must have sufficient impurity concentration 
to prevent the surface within the area from inverting to 
the conductivity type of the second portion. 

It should be readily appreciated by those skilled 
In the art that this idea of forming a layer or third 
portion to define an area at the surface completely 
surrounding the boundary of the Junction can be extended to 
other types of semiconductor devices,, such as alloyed types 
and epitaxial types where surface inversion or channelling 

20 has been known to occur under ambient conditions . 

Thus, according to another aspect of ray 
invention, I provide an improved semiconductor device 
comprising a semiconductor body having a first portion of 
one conductivity type extending into the body from one sur- 
face thereof, and a second portion of opposite conductivity 
type extending into the first portion from the surface. 
This defines a rectifying Junction between the second 
portion and the remainder of the first portion that extends 
% to the surface about the second portion. A layer or third 

30 portion ext nds into a portion of th surface to defin an 
area at th surf ac completely surrounding the boundary of 
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the Junotion that extends to the surface. The layer la of 
t.» sane oonduotivity type aa the flrat portion and 1b of 
BUffloiant o noentration to prevent the surfaoe within the 
area from Inverting to the oonduotivity type of the second 
portion. 

In the oaae of planar semi conduct or devices, the 
diffusion of the impurity to form the third portion can be 
conveniently done at any stage during the manufacture of 
the device. In the manufacture of diodes, it can be done 
at a very early stage. For example, as the first step 
after the non-conducting coating is formed on the surface 
of the semiconductor body, a band of the coating can be 
removed to expose an area of the surface and then the 
impurity can be diffused within the area. For a tran- 
sistor, where collector leakage currents are to be reduced, 
I prefer to carry out the diffusion of this impurity con- 
currently with the emitter diffusion, the impurity being of 
the same conductivity type and of very high concentration. 
(In the order of 10 21 atoms per cu.cm.) For an N-P silicon 
diode or a P-N-P silicon transistor exhibiting collector 
leakage currents, the impurity concentration should be at 
least 10 17 atoms per cu.cm; but for mnTltmitn protection 
against the reformation of channels, I prefer the impurity 
concentration to be 1Q 18 atoms per cu.cm. or higher. For 

N-P-N silicon transistors exhibiting base leakage currents, 

18 

the impurity concentration should be at least 10 atoms 
per cu.cm. 

Preferred embodiments of my Invention will now be 
described, by way of exampl , with ref rence to the 
accompanying drawings where like numbers are us d to 
identify like parts, and in which: 
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1 Figures 1, 2, 3, 6, 11, 12, 13, 14, 15, 16 # 17, 

20, 23, and 25 ar a otlonal views through a rolo nduotor 
devices at separate stages of manufacture in accordance 
with various aspects of my invention. 

Figures 4, 5, 7* 8, 9, and 10 are sectional views 
through semiconductor diodes manufactured in accordance 
with my invention; and 

Figures 18, 19, 21, 22, 24 , and 26 are sectional 
views through transistors manufactured In accordance with 
10 my invention. 

The following description will be made with 
reference to silicon semiconductor diodes and double 
diffused silicon transistors of the planar type. However, 
my invention has application to other types of semi- 
conductors employing different semiconducting materials. 

Also, the following description is concerned with 
the problem of channelling across P conductivity type 
surfaces which have exhibited the most serious leakage 
currents across (a) the P surface of N-P diodes; (b) the 
20 collector surface of P-N-P transistors; and (c) the base 

surface of N-*-N transistors . My invention would also have 
application where leakage currents are caused by surface 
channelling across N conductivity type surfaces. 

Referring to the drawings, Figs. 4, 5, and 7 show 
semiconductor diodes manufactured according to one aspect 
of my invention. A semiconductor body shown as a wafer 30 
of silicon has a plane surface 31. A first portion 32 of 
the body 30 includes, for example, an iiqpurity of P 
conductivity type. A s cond portion or lay r 33 of the 
30 b dy is f roed by the diffusion of an Impurity of N 
c nductivity typ into part f th portion 32 from the 
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1 surface 31 to defin a ratifying junction 3* between the 
portion 33 and the remainder of the portion 32. The 
junction 34 extends to the surface 31 about the portion 33. 
A continuous non-oonduoting coating 35 completely covers 
the junction 3* at the surface 31. Ohmlc contacts 36 and 
37 including leads are connected to the portions 33 and 32 
respectively. The diode as so far described Is substanti- 
ally the same as the planar diode described in U.S. patent 
3.025,589 referred to above. However, according to my 
10 invention, an area 38 at the surface 31 in which a band of 
the coating 35 has been completely removed to expose the 
surface 31 completely surrounds the boundary of the 
Junction 34 at the surface 31. 

Thus, the lllcllhood that the portion 32, within 
the area 3& at the surface 31 . will invert to form an N 
ooaauctivity type channel has been greatly minimized. Even 
when heavy surface channelling is shown to exist at the 
rest of the surface of the portion 32 under the coating 35. 
the semiconductor diodes, according to my Invention, exhibit 

20 very low leakage currents. 

In the diode shown in Pie. 7, the surface area 38 
extends to the periphery of the portion 32. This provides 
the additional advantage of reducing collector contact 
resistance • 

In the diode shown in Pig. 5, the contact 36 is 
located inside the Junction 34 on the surface 31 and the 
contact 37 within the area 38. The area 38 has its inner- 
most edge inside the contact 37. In the diodes shown In 
Pigs. 4 and 7. the contact 37 la located on the opposite 

30 surfao 39 T the body 30. 

Th methods for making th dl des of Pigs. 4, 5. 
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1 and 7 will n w be described: 
Example I 

Pirst, the non-conducting coating 35 la formed on 
a plane surface 31 of the portion 32. (Pig.l) . The 
coating 35 comprises a silicon oxide which can be applied 
to the surface 31 In a conventional manner such as by the 
utilization of an oxidizing agent, e.g. by exposure to 
oxygen or water vapour at elevated temperatures. However, 
it has become more common to thermally grow silicon dioxiac 
10 on the surface. Next an Impurity is diffused Into a hole 
40 opened through the coating 35 to expose the surface 31, 
The diffusion of the impurity forms the portion 33 and the 
Junction 34. (Fig.5) . During the diffusion of the 
impurity into the surface 31 , the silicon surface 
reoxidizes to produce an oxide layer 41 completely covering 
the surface 31 within the hole 40. A band of the coating 
35 i3 then removed by etching with hydrofluoric acid to 
expose the area 38 at the surface 31 completely surrounding 
the boundary of the Junction 34. (Pig. 3)- Faults in the 

20 surface of the silicon could create additional conduction 
paths for leakage currents. Therefore, I prefer to remove 
the band of the coating 35 as close to the edge of the 
depletion layer of the Junction 3^ as practicable. 

Alternatively, the removed band may extend to the 
periphery of the portion 32 as shown in Pig. 6. The 
contact 36 is then attached to the portion 33 through a 
hole 42 opened through the coating 41. Por the diode of 
Pig* th contact 37 Is attached to the surf ac 39. In 
the dlod of Pig. 5, the contact 37 la attach d to the 

30 surface 31 within area 38. Car must b taken In attaching 
the contact 37 to ensur that th innermost edge' of the 
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area 38 11 a inside the oontaot. Otherwise a oonduotlon path 
would remain between the portion 33 and the oontaot 37 via the 
channel underneath the ooatlng 35* 

Flgs.lS and 19 ehow P-N-P tranalstora manufactured 
according to one aapect of my Invention. The portions 32 and 
33 serve as collector and base portions respectively with the 
junction 34 serving as the base-collector Junction. An emitter 
portion 43 Is formed by the diffusion of an Impurity of P con- 
ductivity type into part of the base portion 33 fro* the sur- 
face 31 to define an emitter-base Junction 44 between the enlt- 
ter portion 43 and the remainder of the base portion 33. The 
junction 44 extends to the surface 31 about the emitter portion 
43. The non-conducting coating 35 completely covers the 
Junctions 34 and 44 at the surface 's± . 

According to my Invention, the area 38 at the sur- 
face 31 completely surrounds the boundary of the Junction 34. 
Baltter, collector and base ohmlc contacts 36, 37# and 45 
respectively are connected to the emitter portion 43, collector 
portion 32 and base portion 33- 

In the transistor of Plg.l8, the emitter and base 
contacts 36 and 45 are located Inside the Junctions 44 and 34 
respectively on the surface 31. while the collector contact 37 
Is located on the surface 39. In the transistor of Pig. 19, all 
three contacts 36, 37, and 45 are located on the surface 31, 
with the area 38 having its Innermost edge inside the contact 

37. 

The transistors of Pigs. 18 and 19 are suitable for 
reducing collector leakage currents which occur most frequently 
In P-N-P transistors. How ver, leakage curr nts can also occur 
due to aa inversion on the surface of the base portion, parti- 
cularly In N-P-H transistors. Accordingly, Pig. 24 shows 
anoth r embodiment of my Invention wherein th area 38 Is 
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1 located inside the base portion 33 at the eurfaoe 31. The ban 
contact 45 ie again located inside the base-collector Junction 
34, with the area 38 having its innermost edge lying inside and 
its outermost edge lying outside the base contact 45. The 
collector contact 37 may be attached to the surface 31 through 
a hole opened through the coating 35* 

The methods for making the transistors of Pigs. 18, 
19, and 24 will now be described. 
Example II 

10 As in the case of the diodes, the non-conducting 

coating 35 is formed on the plane surface 31 of the collector 
portion 32 (Pig. 1)* The base portion 33 is formed as des- 
cribed above with respect to Pig. 2. Next, an impurity is 
diffused into a hole 46 opened through the coating 41 to the 
surface 31 to form the emitter portion 43 which defines the 
emitter-base Junction 44. (Pig. lo) . During the diffusion, 
zhe silicon surface reoxidizes to produce an oxide layer 47 
completely covering the surface 31 within the hole 46. A band 
of the coating 35 is then removed (Pig. 17) to expose the area 
20 38 of the surface 31 completely surrounding the boundary of the 
Junction 34 in the case of the fabrication of the transistors 
of Figs. 18 and 19. Again, if desired, the removed band may 
extend to the periphery of the collector portion 32. In the 
fabrication of transistors of Pig. 24, the band is removed 
from the base portion 33 as shown in Pig. 23. 

In the transistor of Pig. 18, the collector contact 
37 is attached to the surface 39* ^ the transistor of Pig. 
19, the collector contact 37 is attached to the surface 31 
within the area 38, Care must be taken in attaching the 
30 contact 37 to ensure that the ijMiermost edge 
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of the area 38 lies inside the contact for the same reasons 
given abova. In the transistor of Pig. 24. the collector 
contact 37 i» attached to the surface 31 through a hole 48 
opened through the coating 35- m the transistors of Pigs. 
18, 19. and 24, the emitter contact 36 is attached to the 
surface 31 through a hole 49 opened through the coating 47. 
In the transistors of Pigs. 18 and 19. the base contact 45 
is attached to the surface 31 through a hole 50 opened 
through the coating 41. In the transistor of Pig. 24, the 
bsse contact 45 is attached to the surface 31 within the 
area 38. Care must be taken to ensure that the innermost 
edge of the area 38 lies inside and the outermost edge of 
the area 38 lies outside the contact 4 5 . This is because 
leakage currents can flow between both Junctions 34 and 44 
m the case of surface channelling la a base portion. 

Pigs. 8, 9. and 10 show semiconductor N-P diodes 
manufactured according to another aspect of my invention, 
a layer or portion 51 extends into a portion of the surface 
31 to define an area 38(a) at the surface 31 completely 
> surrounding the boundary of the Junction 34 that extends to 
the surface 31. The layer 51 la of the same conductivity 
type as the portion 32. The layer 51 *ust have sufficient 
impurity concentration to prevent the surface within the 
area 38(a) from inverting to N conductivity type. Por 
silicon planar diodes the layer 51 la formed by the 
diffusion of an Impurity into the body 32 from the surface 
31 within the area 38. In the diodes of Pigs. 8, and 10 
the contact 36 is located on the surface 31 and the contact 
37 is located n th surface 39 as described with reference 
>0 to Pigs. 4. and 7. Similarly. In Pig. 9. the contacts 36 
and 37 are b th loc ted on th surface 31 as described with 
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1 reference to Pig. 5- In the diode of Pig. 10, the layer 51 
extends to the p riphery of the body 32. The methods for 
making the diodes of Piga. 8, 9, and 10 will now be 
described: 
Example III 

After the method step shown in Pig. 3 for making 
the diodes of Pigs. 4 and 5# a further impurity is then 
diffused into the body 32 from the surface 31 within the 
area 38 to form the layer 51. (Pig. 13). During the 
diffusion, an oxide coating 52 reforms within the area 38 
10 to cover the layer 51. It will be noted in the case of 

Pig. 9> that the innermost edge of the layer 51 lies inside 

the contact 37. 

Por an N-P planar silicon diode, the net acceptor 
concentration cf the impurity used to form the layer 51 
should be at least 10 17 atoms per cu.cm. and preferably 
10 1 ® atoms per cu.cm, or higher. 

Thus, the reoxidized surface 52 of the diodes, 
according to my invention, are rendered insensitive to 
channelling due to the presence of the layer 51. This is 
20 true, even when testing shows that heavy channelling con- 
tinues to exist on the rest of the surface 31 in the 
portion 32 under the coating 35. 
Example TV 

The diodes of Pigs. 8, 9, and 10 can also be made 
by proceeding to the step shown in Pig. 11 after having 
applied the coating 35 to the surface 31. (Fig.l). Pirst, 
the band of the coating 35 is removed to expose the area 38 
of the surface 31. Then the layer 51 Is formed as shown in 
Pig. 12 by diffusing an impurity into th portion 32 from 
30 the surface 31 within the area 38 ♦ It can be seen that th 
area 38(a) now extends beyond th area 38 under the 
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original coating 35- A. before, the coating 52 1. r formed 
within the area 38. Thereafter, the portion 33 is formed 
by diffusing an impurity into the hole 40 opened through 
the coating 35 as previously explained. (Pig. 13) • Con- 
tacts can then be applied to the diodes a s shown in Pigs . 
8 9 , and 10. Again, if desirable, the layer 51 can extend 
to the periphery of the body 32. (Fifi.l*) . When diffusing 
the impurity to form the portion 33. care should be taken 
to ensure that the boundary of the Junction 3* at the sur- 
.0 face 31 is completely surrounded by the layer 51- 

Pigs. 21 and 22 show P-N-P transistors and Pig. 
26 shows an N-P-N transistor manufactured according to my 
invention. In Pigs. 21 and 22 the layer or portion 51 is 
diffused into the collector portion 32 which maxes the 
transistor suitable for reducing collector leakage currents, 
wheree- in Pig. 26 layer 51 is diffused into the base 
portion 33 which makes the transistor suitable for reducing 

base leakage currents. 

The various methods, according to my invention, 
20 for making the transistors of Pigs. 21. 22. and 26 will now 
be described: 

Exam ple V 

After the steps shown in Pigs. 1, 2, 16, and 17 
described with reference to Example 2. the layer 51 is 
formed by diffusing an impurity into the area 38. 
(Pig. 20). The contacts 36. 37, and 45 are then applied as 
shown in Pigs. 21 or 22. It will be noted that the layer 
51 has its innermost edge lying Inside the collector 
contact 37 In the case of Pig. 22. 
30 *y«THpi VI 

After the steps of Pigs, land 2. the band of th 
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1 coating 35 Is removed to xpoae the area 38. the hole 46 la 
opened through the coating 41 and the layer 51 la formed 
almuitaneoualy with the formation of the emitter portion 
43. For a P-N-P transistor exhibiting collector leakage 
currents the impurity used for emitter diffusion is very 
suitable for forming the layer 51 since it is of the same 
conductivity type as the collector portion 32 and is of 
very high concentration (in the order of 10 21 atoms per cu. 
cm.) . The contacts 36, 37, and 45 can then be applied as 

10 shown in Pigs. 21 and 22. 
Example VII 

In an N-P-N transistor exhibiting base leakage 
currents, the layer 51 Is diffused into the base portion 33 
as shown In Pigs. 23 and 25- Otherwise, the method steps 
follow the pattern described in Example 5- The finished 
transistor is shown in Pig. 26. It car. be seen that the 
layer 51 has its Innermost edge lying inside and its outer- 
most edge lying outside the base contact 45- 

The semiconductor devices of my invention have 
20 been shown to greatly reduce undesirable leakage currents 
caused by surface channelling in semiconductor devices. In 
the case of surface channelling caused by the presence of 
an oxide coating on the surface of the planar type semi- 
conductor devices, the advantages of protecting the 
junctions at all times are maintained. In addition, my 
Invention is applicable to other types of semiconductor 
devices where surface channelling may be caused by ambient 
conditions . 

Even in oas s wh re it can b shown that surfao 
30 channels do exist on the high resistivity P-conduotivity 
type r gion of a seai-conduotor device fabricated according 
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to my invention, .uoh d.vlo.. do not exhibit undesirable 
1 akage current characteristic, normally associated with 
surface inversion channels. Indeed, alnce it i. well known 
that surface channels on the high reai.tivity side of a P-N 
junction tend to minimize surface breakdown, it may be 
advantageous to fabricate the semiconductor device under 
conditions whereby surface channels are intentionally 
induced. This would ensure bulk breakdown of the Junction 
rather than surface breakdown while at the same time 
keeping surface leakage currents due to such channelling at 
a ainlmum. As is well known, this can be readily accom- 
plished, for example, by heating the finished semiconductor 
device in the presence of water vapour. 
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THE EIU30DIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS : 
1. A semiconductor device comprising a semi- 

conductor body having a first portion of one conductivity 
type extending into said body from one surface thereof, a 
second portion of opposite conductivity type to said one 
conductivity type extending Into the first portion from 
said surface to define a rectifying Junction between the 
second portion and the remainder of the first portion, with 
said Junction extending to said surface about the second 
portion, and a third portion of the same conductivity type 
as the first portion, the third portion extending into the 
first portion from said surface to define *r. area at said 
surface completely surrounding the boundary cf said 
junction that extends to said surface, the third portion 
having sufficient Impurity concentration of said one 
conductivity type to prevent said surface within the area 
from inverting to said opposite conductivity type. 

2. A semiconductor diode comprising a semiconductor 

body of one conductivity type having a layer of opposite 
conductivity type to said one conductivity type extending 
into a surface of said body to define a rectifying Junction 
between the layer and the remainder of said body, with said 
Junction extending to said surface about the layer, a 
further layer of the same conductivity type as said body, 
the further layer extending into said body from said sur- 
face to define an area at said surface completely 
surrounding the boundary of said Junction that extends to 
said surfac , the further lay r having sufficient impurity 
concentration of said one conductivity typ to prevent said 


18 


66 74 2 3 


surface within the area from Inverting to .aid pp site 
conductivity type, and ohmlo contacts connected to tha 
first mentioned layer and to said body. 

3. a semiconductor device comprising a semiconductor 

body having a plane surface, said body having a first 
portion of one conductivity type extending into said body 
from said surface, a second portion of opposite conduc- 
tivity type to said one conductivity type formed by the 
diffusion of an impurity into part of the first portion 
from said surface to define a rectifying Junction between 
the second portion and the remainder of the first portion, 
with said junction extending to said surface about the 
second portion, a continuous non-conducting coating 
completely covering said Junction at said surface, an area 
at said surface completely surrounding the boundary of said 
junction at said surface in which a band of said coating 
has been removed to expose said surface. 

jj. A semiconductor diode comprising a semiconductor 

body of one conductivity type having a plane surface, said 
body having a layer of opposite conductivity type to said 
one conductivity type formed by che diffusion of an 
iapurity into part of aaid body from said surface to define 
a rectifying Junction between the layer and the remainder 
of said body, with said Junction extending to said surface 
about the layer, a continuous non-conducting coating 
completely covering said Junction at said surface, an area 
at said surface completely surrounding the boundary of aaid 
junction at said surfac in which a band of aaid coating 
has b en removed to expose aaid surfac , and ohmic contacts 
connected to the layer and said body. - 
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5 . A diode as defined In claim 2 or k wherein the 
area ext nds to the poriphery of eaid body. 

6. A diode as defined in claim 2 or 4 wherein one 
ohmic contact is located inside said junction on said sur- 
face, and the other ohmic contact is located in said body 
on said surface, the area having its innermost edge lying 
inside said other contact. 

7 . A diode as defined in claim 2 or h wherein one 
ohmic contact is located inside said Junction on said sur- 
face, and the other ohmic contact is located on the 
opposite surface of said body to said one surface. 

3. A diode as defined in claim 4 including a further 

layer of the same conductivity type as said body, formed fcy 
the diffusion of an impurity into said body from said sur- 
face within said area beneath said coating, the further 
layer having sufficient Impurity concentration of said one 
conductivity type to prevent said surface within the area 
from inverting to said opposite conductivity type, and 
wherein one ohmlc contact is located inside said Junction 
on said surface, and the other ohmic contact is located in 
said body on said surface, the further layer having its 
innermost edge lying inside said other contact. 

9. A transistor comprising a semiconductor body of 

one conductivity type, a base portion of opposite conduc- 
tivity type to said one conductivity type extending Into a 
surface of said body to define a base-collector Junction 
between the. base portion and the remainder of said body, 
with the bas -collector Junction extending to said surfaoe 
about the baa portion, an emitter p rtion of said on 
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conductivity <m ""nam* »»*• th » """^ 
.urfac. to d.fln. an .mltt.r-b... Junction b.tw..n th 
.Utter portion and th. remainder of th. ha., port! n. »l«h 
the ^«.r.»«. potion axt.ndlng to .aid .urfao. about 
th emitter portion, a further portion of .aid on. conduc- 
tivity typ. extending into ..Id body from .aid .urf«. to 
aefln. an ar.a at .aid .urfao. compl.t.ly .urroundlng the 
boundary of th. baa.-coll.otor Junction that .xtend. to 
.aid .urfac.. th. furth.r portion having .ufflclent 
purity concentration of ..Id on. conductivity type to 
prevent .aid .urfac. within th. are. from Inverting to .aid 

«m<t-fc*r base and collector 
oppo.lte conductivity type, and emitter, ba.e an 

ohm lc contact, connected to th. emitter portion, base 
portion and .aid body re.pectlvely . 

10 A tranelator comprlalng a .emlconductor body of 

one conductivity type, a base portion of oppo.lte conduc- 
tivity type to .aid one conductivity type extending into 
aa id body from .aid .urfac. to define a ba».-collector 
action between the base portion and the remainder of said 
b ody, with the ba.e-coUe.tor Junction extending to said 
.urfac. about the base portion, an emitter portion of said 
one conductivity type .xtendlng Into the base portion from 
.aid eurface to define an emltter-baae Junction between the 
emitter portion and th. remainder of the baa. portion, with 
th. emitter-baa. Junction extending to .aid .urfac. about 
the emitter portion, a further portion of .aid oppo.lt. 
conductivity typ. extending into th. baa. portion from .aid 
.urfac. t d.fln. an area at .aid .urfac. compl.t.ly 
.urroundlng the boundary of th. emltter-ba.. Junction that 
extend, to .aid .urfac.. th. furth.r p rtlon having 
.ufflclent Impurity concentration of .aid <W°.«« 
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conductivity type to prevent said surface within the aroa 
from inverting to said one conductivity type, and emitter 
base and collector contacts connected to the emitter 
portion, base portion and said body respectively. 

11. A transistor comprising a semiconductor body of 
one conductivity type having a plane surface, a base 
portion of opposite conductivity type to said one conduc- 
tivity type formed by the diffusion of an impurity into 
part of said surface to define a base-collector Junction 
between the base portion and the remainder of said body, 
with the base-collector Junction extending to said surface 
about the base portion, an emitter portion of said one 
conductivity type formed by the diffusion of an impurity 
into part of the base portion from said surface to define 
an emitter-base Junction between the emitter portion and 
the remainder of the base portion, with the emitter-base 
Junction extending to said surface about the emitter 
portion, a non-conducting coating completely covering the 
base-collector and emitter-base Junctions at said surface, 
an area at said surface completely surrounding the boundary 
of the base-collector Junction at said surface in which a 
band of said coating has been removed to expose said sur- 
face, and emitter, base and collector ohmlc contacts 
connected to the emitter portion, base portion and said 
body respectively* 

12. A transistor as defined in claim 9 or 11 wherein 
said area extends to the periphery of said body. 

13. A transistor as defined in claim 9 or 11 wher in 
the emitter contact Is located Ins id the emitter-base 
junction on said surface, th baae c ntact is located Inside 
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the baae-oollactor Junotion on said aurfaoe, and the 
collaotor oontaot la located In aaid body on aaid aurface, 
tha araa having ite innermost edga lying inaida tha 
collector oontact . 

Ik. K tranaiator aa defined in claim 9 or 11 wherein 

the emitter contact ia located inaide the emitter-base 
Junction on aaid surface, the baae contact is located in- 
side the base-collector Junction on aaid aurface, and the 
collector contact ia located on the oppoaite surface of 
said body to aaid one surface. 

1 5 # a tranaiator aa defined in claim 10 wherein the 

emitter contact is located inside the emitter-base Junction 
on said surface, and the base contact is located within the 
area on said surface, the area having its ir^er^ost edge 
lying inside and its outermost edge lying outside the 
base contact . 

16. A transistor as defined in claim 11 including a 

further portion of said one conductivity type formed by 
the diffusion of an impurity into said body from said sur- 
face within the area beneath said coating, the further 
portion having sufficient impurity concentration of said 
one conductivity type to prevent said surface within the 
area from inverting to aaid opposite conductivity type, and 
wherein the emitter contact is located inside the emitter- 
base Junction on aaid aurface, the baae contact is located 
inside the base-collector Junction on aaid surface, and the 
collector contact ia 1 oated in said body on aaid surface, 
the furth r portion having its inn rmoat edg lying inside 
the coll etor contact. 


23 


66 74 2 3 


17* A translator oompriolng a etmioonduotor body of 

one conductivity type having a plana surface, a baoe 
portion of opposite c nductlvlty type to said on conduc- 
tivity type formed by the diffusion of an impurity into 
part of said body from said surface to define a base- 
collector Junction between the base portion and the 
remainder of said body, with the base-collector Junction 
extending to said surface about the base portion, an 
emitter portion of said one conductivity type formed by the 
diffusion of an impurity into part of the base portion from 
said surface to define an emitter-base Junction between the 
emitter portion and the remainder of the base portion, with 
the emitter-base Junction extending to said surface about 
the emitter portion, a non-conducting ceasing completely 
covering the base-collector and emitter-base Junctions at 
said surface, an area at said surface within the base 
portion completely surrounding the boundary of the emitter- 
base Junction at said surface in which a band of said 
coating has been removed to expose said surface, and 
emitter, base and collector ohiaic contacts connected to the 
emitter portion, ba?e portion and said body respectively, 
the base contact being located within the area on said 
surface, the area having its innermost edge lying inside 
and its outermost edge lying outside the base contact. 

!8* A transistor as defined in claim 17 including a 

further portion of said opposite conductivity typo formed 
by the diffusion of an impurity into the base portion from 
said surface within the area beneath said coating the 
further portion having sufficient Impurity, concentration 
of said opposit conductivity type to prevent said surface 
within the area from inverting to said on conductivity 
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type the further portion having itr innermost edge lying 
inside and Its outermost edge lying outlsde the base 

oontaot • 

19. A method for making a semiconductor device 
comprising the steps of: 

(a) forming a non-conducting coating on a plane 
surface of a first portion of a semiconductor 
body of one conductivity type; 

(b) diffusing an impurity into a hole opened through 
said coating to said surface within the first 
portion to form a second portion of opposite 
conductivity type to said one conductivity type 
defining a rectifying Junction between the second 
portion and the remainder of the first portion, 
with said Junction extending to said surface 
underneath said coating about the second portion; 

(c) and removing a band of said coating to expose an 
area of said surface completely surrounding the 
boundary of said Junction at said surface. 

20. A method of making a semiconductor diode 
comprising the steps of 2 

(a) forming a non-conducting coating on a plane 
surface of a semiconductor body of one conduc- 
tivity type; 

(b) diffusing an impurity Into a hole opened through 
said coating to said surface to form a layer of 
opposite conductivity type to said one conduc- 
tlvlty type defining a rectifying Junction between 
th layer and the remainder of said body with said 
Junction extending to said surface undern ath said 
coating about th layer; 
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(o) removing a band of ©aid ooating to expos • an area 
of said aurfaoe completely surrounding the 
boundary of said Junction at said eurfaoe; 

(d) and attaching ohmlc contacts to the layer and said 
body. 

21. A method as defined In claim 20 wherein the area 
extends to the periphery of said body. 

22. A method as defined in claim 20 wherein a non- 
conducting coating is reformed on said surface within said 
hole, one ohmic contact being attached to said layer 
through a hole opened through said reformed coating to said 
surface and the other ohmic contact is attached to the oppo- 
site surface of »»ld body to said one surf ao*» . 

23 • A method as defined in claim 20 wherein a non- 

conducting coating is reformed on said surface within said 
hole, one ohmic contact being attached to said layer 
through a hole opened through said reformed coating to said 
surface, and the other ohmic contact is attached to said 
surface within the area, the area having its innermost edge 
lying inside said other contact. 

24. A method as defined in claim 20 comprising the 

further steps of: 

(e) reforming a non-conducting coating on said surface 
within said hole; 

(f) diffusing a further impurity into said body from 
said surface within the area to form a further 
layer of the same conductivity type as said body, 
the further layer having sufficient impurity 
concentration to prevent said surface within 

th area from Inverting to said opposite 
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o nduotivity type, one ohmlo oontaot being 
attached to th first mentioned layer Into 
a hole opened through said reformed coating 
to said surface, and the other ohmlo contact 
being attached to said surface within the area, 
the further layer having its Innermost edge 
lying Inside said other contact . 

25. A method for making a semiconductor device 

comprising the steps of: 

(a) forming a non-conducting coating on a plane 
surface of a first portion of a semiconductor 
body of one conductivity type; 

(b) removing a band of said coating to expose an 
area of said surface; 

(c) diffusing an impurity into the first portion 
from said surface within the area to form a 
layer of the same conductivity type as the first 
portion, the layer having sufficient iaipurity 
concentration to prevent said surface within 
the area from inverting to the opposite con- 
ductivity type to said one conductivity ty?e; 

(d) reforming a non-conducting coating on caid surface 
within the area; 

(e) and diffusing an impurity into a hole opened 
through said coating to said surface to form 

a second portion of said opposite conductivity 
type defining a rectifying Junction between the 
second portion and the remainder of the first 
portion* with said Junotlon ext nding to said 
surfac underneath said coating ab ut the second 
portion, the boundary of said Junotlon at said 
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surface being completely surrounded by the 
layer. 

26. A method for making a semiconductor diode 

comprising the steps of t 

(a) forming a non-conducting coating on a plane 
surface of a semiconductor body of one con- 
ductivity type; 

(b) removing a band of said coating to expose an 
area of said surface; 

(c) diffusing an impurity into said body from said 
surface within the area to form a layer of the 
same conductivity type as said body, the layer 
having sufficient impurity concentration to 
prevent said surface within the area from 
inverting to the opposite conductivity type to 
said one conductivity type, 

(d) reforming a non-conducting coating on said sur- 
face within the area; 

(e) diffusing an impurity into a hole opened through 
said coating to said surface to form a layer of 
said opposite conductivity type defining a 
rectifying Junction between said last mentioned 
layer and the remainder of said body, with said 
Junction extending to said surface underneath 
said coating about said last mentioned layer, 
the boundary of said Junction at said surface 
being completely surrounded by said first 
mentioned layer; 

(f) and attaching ohmic contacts to said layers. 
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27. A method a* defined in olaim 26 wherein the area 
and said first mentioned layer extend to the periphery of 
said body. 

28. A method aa defined in claim 26 inoluding the 
further steps of reforming a non-conducting coating on said 
last mentioned layer within said hole, one ohmlc contact 
being attached to said last mentioned layer through a hole 
opened through said reformed coating to said surface, and 
the other ohmic contact being attached to said first 
mentioned layer through a hole opened through the non- 
conducting coating on said surface within the area, said 
first mentioned layer having its innermost edge lying 
inside said other contact. 

29. A method for making a transistor comprising the 
steps of: 

(a) forming a non-conducting coating on a plane 
surface of a semiconductor body of one conduc- 
tivity type; 

(b) diffusing an impurity into a hole opened through 
said coating to said surface to form a base 
portion of opposite conductivity type to said 
one conductivity type defining a base-collector 
junction between the base portion and the 
remainder of said body, with the base-collector 
Junction extending to said surface underneath 
said coating about the base portion; 

(c) reforming a non-conducting coating on said sur- 
fac within said hole; 

(d) penlng a smaller hoi through said last mentioned 
c ating t said surfa e, and removing a band of 

•i 
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said coating to expo a e an area of said surface 

completely surrounding the boundary of the baa - 
collector Junction at said surface; 

(e) and diffusing into said smaller hole and into the 
area an impurity to form an emitter portion of 
said one conductivity type defining an emitter- 
base Junction between the emitter portion and the 
remainder of the base portion, with the emitter- 
base Junction extending to said surface under- 
neath said coating about the enitter portion, and 
a further portion of said one conductivity type, 
the further portion having sufficient impurity 
concentration of said one conductivity type to 
prevent said surface within the area from 
Inverting to said opposite conductivity type; 

(f) and attaching emitter base and collector contacts 
to the emitter portion, base portion and said 
body respectively . 

30. A method as defined In claim 29 wherein the area 
and the further portion extend to the periphery of said 
body • 

31. A method as defined in claim 29 including the 
further steps of reforming a non-conducting coating on 
said surface within said smaller hole and within the area, 
the emitter contact being attached to the emitter portion 
through a hole opened through said last mentioned coating 
to said surface inside the emitter-base Junction, the 
collector contact being attach d to said body through a 
hole opened through said last mention d coating to said 
surface within the area, the further portion having its 
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innermost edge lying inside the oolleotor oontaot, and the 
bas o ntaot being attaohed to the base portion through a 
hole opened through the coating oovering the base portion 
to said aurfaoe inside the baae-colleotor Junction. 

^2. A method for making a transistor comprising the 

steps of: 

(a) forming a non-conducting coating on a plane 
surface of a semiconductor body of one conduc- 
tivity type; 

(b) diffusing an impurity into a hole opened through 
said coating to said surface to form a base 
portion of opposite conductivity type to said 
one conductivity type defining a base-collector 
junction between the base portion and the 
remainder of said body, with the base-collector 
Junction extending to said surface underneath 
said coating about the base portion; 

(c) reforming a non-conducting coating on said surface 
within said hole; 

(d) diffusing an impurity into a smaller hole opened 
through said last mentioned coating to said sur- 
face to form an emitter portion of said one 
conductivity type defining an emitter-base Junction 
between the emitter portion and the remainder of 
the base portion, with the emitter-base Junotion 
extending to said surface underneath said coating 
about the emitter portion; 

(e) reforming a non-conducting coating on said surfac 
within said small r hoi ; 
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(f) removing a band f said ooating t expose an 
area of said surfaoe within the baae p rtion 
completely surrounding the boundary of the 
emitter-base Juno t Ion at said surface; 

(g) and diffusing an Impurity Into the area to form 
a further portion of opposite conductivity to 
said one conductivity type, the further portion 
having sufficient Impurity concentration to 
prevent said surface within the area from Inver- 
ting to said one conductivity type; 

(h) and attaching emitter, base and collector contacts 
to the emitter portion, base portion and said body 
respectively. 

33. A method as defined in claim 32 wherein the 

emitter contact is attached to the emitter portion through 
a hole opened throupji said last mentioned coating, and 
including the further steps of reforming a non-conducting 
coating on said surface within the area, and attaching the 
base contact into a hole opened through such reformed 
coating to said surface within the area, the further 
portion having its Innermost edge lying Inside and its 
outermost edge lying outside the base contact . 
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